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INTRODUCTION
The global market capitalization of REITs totalled only US$ 10 billion in early 1990s. 2 According to portfolio theory of Markowitz (1952) , investors can reduce their portfolio risk by increasing their investment in commodities with lower coefficient correlation.
As of December 2010, the global market capitalization of REITs has surpassed US$ 800 billion, with nearly 500 fund management units. Thus, REITs have become another favorite choice among investors besides the stock market 1 . Since real estate properties can preserve value while REITs increase liquidity and financial transparency, investors who previously invested only in highly liquid and profitable stocks are now including an increasing number of real-estate related securities into their portfolios to diversify their investment risk 2 . Considering that the effect to diversify risk by investing in the real estate market of different countries may not be inferior to the effect of investing in the stock and real estate markets, this study also examines the real estate price movements of two different countries and the impact they may have on the investment strategy of investors.
Past literatures have not reached a consistent conclusion on the lead-lag relationship of the stock and real estate markets, which included 'wealth effect' and 'credit price effect'. In regard to the wealth effect, Chau et al. (2000) pointed out that the rise of the S&P 500 index would result in the decline of Jones Lang LaSalle JLW real-estate price indices in the following season. The results of Oppenheimer and Grissom (1998) , Larson (2005) and Chen (2007) showed that stock indices could serve as a leading indicator for the REIT prices and a rapid reversal of the stock market would lead to the same reaction from the REIT markets. The non-linear causality test used by Okunev et al. (2002) found that Australian stock markets had a significant one-way impact on its real estate markets. In regard to credit price effect, Hui and Yue (2006) found that the prices of used houses in Beijing and Shanghai would affect stock indices in Shanghai but the stock indices did not affect the corresponding housing prices. Moreover, some empirical literatures found that there were two-way relationships between stock and real-estate prices or the causal relationships between the two markets only showed in some areas 3 . The empirical study by Green (2002) showed that causality relationships between stock and housing prices did exist in high-priced housing areas but was not significant in areas with low housing prices. 3 The empirical results of Chen and Patel (1998) showed a two-way relationship between stock indices and housing prices and Okunev et al. (2000) found that there were unstable non-linear relationships and two-way Granger causal relationships between real-estate prices and stock prices.
The traditional vector auto-regression (VAR) model includes linear predictive ability while disregarding the non-linear effects. Based on the concept of nonparametric statistics and correlation integral, this study adopts the nonparametric non-linear Granger causality test proposed by Hiemstra and Jones (1994) to analyze whether there is either a wealth effect or a credit price effect between the stock and REIT prices in the US and Australia, respectively. Meanwhile, we are also interested in finding out whether the REIT indices in the US or Australia would serve as a leading indicator for price movements.
Real estate securitization originated in the US, whose REIT markets include the longest history and a market capitalization ranks first in the world. Australia developed its REITs in 1971, and its market capitalization ranks second in the world 4 . Due to such rankings, investors will simultaneously allocate their investment in both the stock and real estate securitization markets in the US and Australia in order to diversify risk. Therefore, when interest rates becomes lower and inflation becomes rampant, those who simultaneously invest in real estate securitization and stock markets in the US and Australia (or those who make investments in the US and Australian real estate securitization markets) will be eager to know what the lead-lag relationship is between the REIT and stock markets in these areas (or the REIT markets in these two countries). They will also want to know if co-integration with structural breaks exists between the REIT and stock markets in these countries (or the REIT markets in these two countries). When the REIT indices and stock indices (or the REIT indices in these two countries) deviate from their long-run equilibrium respectively, how efficiently can the two indices adjust themselves dynamically and revert to equilibrium? This study further analyses whether co-integration with structural breaks exists between the respective three REIT (i.e., equity, mortgage and hybrid) and stock markets 5 . When the respective REIT indices and stock indices deviate from the long-run equilibrium, how efficiently can the two indices adjust themselves dynamically and revert to equilibrium? Hence, the study will examine the correlation between the stock and real estate securitization markets in the US and Australia in terms of the overall and classified REIT indices. In this case, this study can serve as a good reference for the investors investing in these two regions.
The remainder of this paper is organized as follows. Section 1 describes the data and statistical analysis used in this study and section 2 introduces the methodology. Section 3 analyzes the empirical results and final section presents the conclusions. 4 Australia not only provides the world's most transparent information in the real estate markets, but also enjoys the world's highest proportion of real estate securitization. 5
In accordance with the sources of income, the US REITs can be divided into three main types: equity (whose main sources of income are from rentals); mortgage (whose main sources of income are from interest income); and hybrid (which is a portfolio of rental and interest incomes). 
DATA AND DESCRIPTIVE ANALYSIS

Descriptive statistical analysis of the REIT and stock indices
The results in Table 1 show that the REIT index return average for equity REITs in the US is significantly higher than that of the other four REITs. However, the results of the standard deviation in Table 1 show that the fluctuations in the Hybrid REIT index return in the US are significantly higher than those in the other four REIT index returns 6 . In addition, the average for S&P 500 index returns in the US is significantly higher than that for ASX index returns in Australia, which indicates that the average stock index return in the US is significantly higher than that in Australia. The standard deviation in the same table shows that the fluctuations in S&P 500 index returns in the US is higher than those in ASX index returns in Australia, indicating that the risk of S&P 500 stock index return in the US is higher. Combing the standard deviations in Table 1 , we find that there are significantly greater fluctuations regardless of the REIT index returns or 6 Jarque-Bera test results of the five REIT index returns are all significantly different from zero, which indicates that the five REIT index returns in such areas do not conform to normal distribution. As for the Ljung-Box Q test, the five REIT index returns all exhibit the phenomenon of time series autocorrelation.
7
Jarque-Bera test results of the stock price index returns in the US and Australia are significantly different from zero, which indicates that the two stock price index returns do not conform to normal distribution. The Ljung-Box Q test results show that the two stock price index returns in such areas exhibit the phenomenon of time series autocorrelation. stock index returns in the US, which shows that there is a close relationship between the fluctuations in the REIT index and those in the stock index in the US 7 .
METHODOLOGY
Nonlinear unit root test
In order to reinforce the power of the unit root test for the non-linear dynamic adjustments of the REIT and stock indices in the US and Australia, respectively, this study utilizes the non-linear KSS stationarity test by Kapetanios et al. (2003) . The goal of the KSS test is to detect the presence of non-stationarity against a non-linear but stationary exponential smooth transition autoregressive (ESTAR) process 8 
The model is expressed as:
For the null hypothesis 0, θ = equation (1) can be re-written as:
If the estimate does not reject the hypothesis H 0 : 0, δ = the sequence is a unit root; otherwise the sequence is a non-linear constant ESTAR.
The results of the KSS non-linear stationarity test
show that all of the REIT indices and corresponding stock price indices in the US, as well as the REIT index and stock price index in Australia are all linear unit roots whose first-order differences are stationary. This confirms that the respective REIT indices and stock price indices are I (1) sequences in such areas.
Structure break co-integration test
Considering the tendency that stock price and house price indices most likely change over time, we use the co-integration test proposed by Gregory and Hansen (1996) . This test can be used to analyse non-linear co-integration relationships with structural breaks in time series. First, the traditional co-integration model of housing prices ht P and stock prices st P is assumed as (3):
Nevertheless, it is found that a co-integration relationship may remain for some time and then turn into a new long-term equilibrium relationship. It is therefore required that assumptions of co-integration with structural breaks be changed into an unknown. Furthermore, we consider that structural breaks may occur in both the intercept and the slope. In this case, the dummy variables are established as:
Among them,
is the unknown structural break point in the time series. In addition, the structural co-integration model can appear in the following three forms:
Structural breaks occur in the intercept (C): 12 1
Structural breaks occur in both the intercept and time trends (C/T): 12 1 , 
Its test statistics ADF* in equation (8) are not the traditional ADF statistics, but the minimum statistics that correspond to specific structural break points defined as:
The critical value of the test statistic is simulated by Gregory and Hansen (1996) using the response surface function. The simulation is also used in our empirical results to obtain the asymptotically distributed critical value.
Non-linearity test and estimations of the STVECM (STVAR)-GARCH
In order to review the different return dynamics for both the small and large deviations from the co-movements between the stock and REIT prices in the US and Australia separately, this study applies the STVECM to allow for a smooth transition for return dynamics in different regimes. Meanwhile, we let the residuals in this model follow a GARCH process in order to capture the heterogeneity of the residuals. However, if a cointegration does not exist between the stock and REIT prices in any such location, the study uses the STVAR to smoothly transform the return dynamics in different regimes to capture the different dynamics of the stock and REIT price returns in the lower and higher return regimes. In addition, we let the residuals in the STVAR follow a GARCH process. Thus, the STVECM-GARCH and STVAR-GARCH can be expressed as follows 9 : 
the stock price has a faster mean reversion to the equilibrium compared to REIT price, which means that the stock price has a greater influence on price discovery than the REIT price (following Sun, Tong and Yan, 2009). Hence, the STVECM or STVAR is more appropriate to describe the investment behaviors of gradual changes in the different market compositions. The STVECM (STVAR) is governed by the continuous smooth transition function
. In addition, this study also utilizes the STVECM-GARCH model in order to analyze the adjustment speed of reversion to the equilibrium after the respective REIT price in the US and Australia deviates from the long-run equilibrium so as to consider the viewpoint of the investors in both of the REIT markets 11 . According to Terasvirta (1994) , two types of the transition function in equation (9) (11) Let us take the STVECM between the stock and REIT prices for example. Equation (9) with transition function (10) is called the logistic STVECM (or LSTVECM), and the LSTVECM represents the different dynamics for the two return regimes with a smooth transition function ( )
When .
Equation (9) with transition function (11) is called the exponential STVECM (or ESTVECM). The ESTVECM means that there are different dynamics in the transition regime, but similar dynamics in the extreme regimes since
The non-linear STVECM is only identified under the alternative hypothesis of non-linearity H 0 : 0. γ > Rather than the null hypothesis of linearity (12) 0.
We use the auxiliary regression (14) as follows 17 : 
THE EMPIRICAL RESULTS
Results of the co-integration test
As seen in 
Results of the non-linear test and the STVECM (or STVAR)
The results of linearity against the non-linear test in Table 3 show significant evidence of non-linearity between the REIT and corresponding stock prices in the US and Australia and between the two REIT prices. In order to determine d, we estimate a range of d values ( )
where the F statistics with the minimum p-value or the maximum F statistics identify the optimal d value. The results in Table 4 show that H 04 is rejected for 1 d = between Equity REIT and the S&P Notes: the specification and null hypothesis of the nonlinear STVECM (or STVAR) are given in equations (14) and (13), respectively. d is the optimal lag length of the transition variable . Notes: Null hypothesis of the nonlinear model specification for the LSTVECM versus the ESTVECM is given in equation (16) . d is the optimal lag length of the transition variable
The testing statistics are adopted in the Wald test, and the specification of the testing statistics is given in equation (15) .
indices and between the US and Australian
REIT indices, as well as for 5 d = between the RETI and stock indices in Australia. These results indicate that the LSTVECM is a more appropriate model. However, H 03 is rejected for and most of them are significantly large, meaning that there is a quick transition from one regime to another. The estimated results of the smooth transition functions in the dynamics between the REIT and corresponding stock indices in the US and Australia as well as between the two REIT indices are listed in equations (17) to (21) below. These results further confirm that the smooth transition functions between Hybrid REIT and stock indices and between Mortgage REIT and stock indices follow the exponential transition type, while those between Equity REIT and stock indices, between REIT and stock indices in the Australia and between the REIT indices in the US and Australia follow the logistic transition type. The transition function between Equity REIT and the S&P500 indices in equation (17) is estimated as follows: Notes: The specifications of the STVECM and VECM are given in equation (9) . The numbers in ( ) indicate the t-statistics. ***, ** and * denote significance at the 1%, 5% and 10% levels, respectively.
ces are significantly higher than Mortgage REIT indices), or large negative deviations exist (when the S&P 500 indices are significantly lower than Mortgage REIT indices), the adjustment speed of the US S&P 500 indices reversion to equilibrium is greater than that of the Mortgage REIT indices. This may be the reason why investors who simultaneously invest in US Mortgage REITs and S&P 500 stocks prefer to purchase stocks that offer higher returns, so they purchase stocks more frequently than REITs, pushing the corresponding stock prices back to equilibrium at a faster speed than REIT prices. Moreover, when the S&P 500 indices are significantly higher than Equity REIT indices (i.e., when there are large positive deviations), the informed traders tend to buy the relatively cheaper Equity REITs. In this case, the incentive to purchase Equity REITs will increase, thus accelerating the adjustment speed of Equity REITs indices reverting to equilibrium. However, when the S&P 500 indices are significantly lower than Equity REITs indices (i.e., when there are large negative deviations), investors tend to purchase Equity REITs that may offer lower risks and more stable returns, thus pushing the adjustment speed of Equity REITs indices reverting to equilibrium faster than that of their corresponding stock indices. In addition, when Australian common Notes: the specifications of the STVECM and VECM are given in equation (9) . The numbers in ( ) indicate the t-statistics. ***, ** and * denote significance at the 1%, 5% and 10% levels, respectively. stock indices are significantly higher (lower) than its REIT indices (i.e., when there are large positive (negative) deviations), informed traders tend to buy the relatively cheaper REITs (stocks), thus pushing the adjustment speed of REIT (stock) indices reverting to equilibrium faster than that of their corresponding stock (REIT) indices. When US REITs indices are significantly higher (lower) than Australian REIT indices (i.e., when there are large positive (negative) deviations), the informed traders tend to buy relatively cheaper Australian REITs (US REITs), thus pushing the adjustment speed of Australian REIT (US REIT) indices reverting to equilibrium faster than that of US REIT (Australian REIT) indices.
Moreover, the adjustment speeds of US Mortgage REIT and the S&P 500 indices reverting to equilibrium from large positive or negative deviations are equal, and this may be the reason why the nature of the Mortgage REITs is very similar to that of bonds. Since investments in the Mortgage REITs and S&P 500 stocks are made to diversify the risk of changes in interest rates, investors of both Mortgage REITs and S&P 500 stocks have developed very rigid investment habits. Thus, regardless of whether there is a large positive deviation (i.e., stock indices are significantly higher than REIT indices) or a large negative deviation (i.e., stock indices are significantly lower than REIT indices), investors of Mortgage REITs and S&P 500 stocks basically do not have the incentive to change their investment behavior, resulting in the equal adjustment speeds of Mortgage REIT and S&P 500 indices when reverting to equilibrium. However, the speeds of adjustment in reverting to equilibrium of the large positive and negative deviations between US Equity REIT and S&P 500 indices, between Australian REIT and ASX stock indices, or between US REIT and Australia REIT indices are unequal, and this may be the reason why the nature of Equity REITs is relatively similar to that of stocks, resulting in the possibility that investors' incentives to invest in these REITs and stocks are easy to change.
According to the theoretical models of the interaction between arbitrageurs and noise traders, noise traders further drove prices to show their persistency when there were small deviations. On the contrary, when there are large deviations, the arbitrageurs will be more confident in driving the market in the appropriate direction and price movements will quickly revert to equilibrium. Moreover, this study demonstrates that the ESTVECM is fitted for describing the short-run return dynamics of the deviations from the co-movement equilibrium between Mortgage REIT and S&P 500 stock prices in the US, while the LSTVECM is more suitable for describing those between Equity REIT and S&P 500 stock prices in the US, between the REIT and ASX stock prices in the Australia and Notes: The numbers in ( ) indicate the t-statistics. ***, ** and * denote significance at the 1%, 5% and 10% levels, respectively. between the US and Australian REIT prices. That is, the adjustment speeds between Mortgage REIT and S&P 500 stock prices in the US reverting to equilibrium for the large positive and negative deviations are all equal, while those between Equity REIT and S&P 500 stock prices in the US, between the REIT and ASX stock prices in the Australia and between the two REIT prices in the US and Australia are unequal.
CONCLUSION
This study utilized the co-integration test with structural breaks proposed by Gregory and Hansen (1996) in order to test whether non-linear co-integration relationships exist between US REITs and stock indices, between Australian REIT and stock indices and between US REITs and Australian REIT indices. Moreover, we used a GARCH-included STVECM to separately explore the adjustment efficiencies of the US and Australian REIT and corresponding stock prices, as well as the two countries' REIT prices when there are deviations in long-run equilibrium between the US and Australian REIT indices. Furthermore, this study used the non-linear Granger causality test mentioned by Hiemstra and Jones (1994) to analyze whether 'wealth effect' (in which stock prices influence REIT prices) or 'credit price effect' (in which REIT prices influence stock prices) exists in the US and Australian markets. We also attempted to discover where a price discovery function existed in the US or Australian REIT markets. Our results showed that there are non-linear structural break co-integration relationships between the US Equity and Mortgage REIT indices and corresponding stock indices, between Australian REIT and stock indices and between the US and Australian REIT indices, respectively. Moreover, the results of a non-linear Granger causality test found that there is a credit price effect in which the various types of US REIT indices influence stock indices regardless of whether large positive or negative deviations (or returns) in STVECM (or STVAR) occur. Nevertheless, the so-called credit price effect and the wealth effect simultaneously exist in Australian REIT and stock markets. In addition, the price discovery function is more important in the US REIT market than the Australian REIT market.
In sum, the return dynamics governing the small deviations were obviously different from those governing the large deviations. Furthermore, our results showed that in order to diversify the risk of changes in interest rates, investors included rigid habits in investing toward bond-type US Mortgage REITs and S&P 500 stocks. As a result, their adjustment speeds when reverting to equilibrium had a tendency to be equal when there were large positive or negative deviations. However, the REITs investments in US Equity REIT and stock indices, Australian REIT and stock indices and the US and Australian REIT indices were mainly stock-type Equity REITs of which the investors were more likely to change their investing incentives. Therefore, the short-run adjustment speeds when reverting to equilibrium for the large negative and positive deviations were unequal. Specifically speaking, when large positive and negative deviations from the equilibrium between US Mortgage REIT and S&P 500 stock indices exist, the adjustment speed of stock indices reverting to equilibrium was greater than that of REIT indices. Meanwhile, the adjustment speed of US Equity REIT and S&P 500 indices when reverting to equilibrium for large negative and positive deviations was different, but the adjustment speed of Equity REIT indices when reverting to equilibrium was greater than that of stock indices. However, when there was a large positive deviation in the Australian REIT and stock indices, the adjustment speed of the REIT indices when reverting to equilibrium was faster than that of corresponding stock indices. In this case, when there was a large negative deviation, this conclusion is reversed.
Contributions toward this paper include the following. We use a model that allowed the time-series variables to exist in the structural breaks and the self-decided structure break point to examine whether the non-linear co-integration with structural breaks exists between the US and Australia REIT indices and corresponding stock indices, as well as between the respective REIT indices. Moreover, we confirm that STVECM with GARCH can be applied to analyze the efficiency of short-run dynamic adjustment in mean reversion when there are deviations from the equilibrium between the US, Australian REIT and corresponding stock indices and between the US and Australian REIT indices, respectively. On the one hand, the STVECM used by this study confirms that the US S&P 500 index plays the main role when reverting to equilibrium between Mortgage REIT and corresponding stock indices, while US Equity REIT index plays the main role when reverting to equilibrium between Equity REIT and corresponding stock indices. Meanwhile, the remaining indices in the STVECM include different adjustment speeds when reverting to equilibrium when large positive and negative deviations from the equilibrium occur. On the other hand, we also confirm that credit price effects exist in each type of US REIT and the stock market regardless of whether large positive or negative deviations (or returns) occur in STVECM (or STVAR). However, there is a feedback effect between Australian REIT and stock markets, as well as a price discovery between the US REIT market and the Australian REIT market. Based on the above results and analysis, this paper can serve as an informative reference for investors planning to invest in either the US or Australia.
